New automated blood cell analyzers provide an index of red cell volume distribution width (RDW) or heterogeneity and a histogram display of red cell volume distribution. We have developed a classification of red cell disorders, based on mean corpuscular volume (MCV) or red cell size, heterogeneity, and histograms, to guide diagnosis from the peripheral blood analysis. The distinction of iron deficiency anemia from heterozygous thalassemia or the anemia of chronic disease and the detection of early iron and folate deficiency is improved. Red cell volume distribution histograms identify red cell fragmentation or agglutination, dimorphic populations, and artifactual counting of lymphocytes as red cells. We recommend the use of these new variables in the initial classification of anemia by the practicing physician. (Key words: Anemia; Red cell; Blood counters; MCV; RDW) Am J Clin Pathol 1983; 80: 322-326 MEAN CORPUSCULAR VOLUME (MCV) 18 and reticulocyte count 14 are the two traditional principal criteria for the initial classification of anemic disorders. The change from chamber counts to flow cytometry for routine blood counts has brought not only improved speed and precision, but also new measurements permitted by the analysis of large numbers of single-cell measurements. The distribution of red cell volume 5 now is displayed in histogram form on several commercial instruments. Measured as coefficient of variation (cv) and reported as red cell distribution width (RDW), the heterogeneity of distribution of red cell size (the equivalent of "anisocytosis" in analysis of the peripheral blood smear) now forms part of the reported automated blood count. 8 We evaluated how RDW complements the MCV to improve the classification of anemia from the blood count alone and to suggest the physiologic basis of a classification based on the mean and heterogeneity of red cell size. (MCV) and heterogeneity (RDW) are determined by integration. The histogram in normal subjects is essentially Gaussian in shape 18 with the MCV 90 ± 10 fL and the RDW 13.4 ± 1.2%. RDW is calculated as the coefficient of variation (<r//tj of the red cell volume distribution histogram and so is expressed as a percentage. The error between duplicate determinations of MCV is <1.3 fL and of RDW, < 0.5%. Deviations from a unimodal Gaussian curve can be found by inspection. Distribution of red cell volume and heterogeneity were confirmed by red cell volume histograms on an independent Coulter Counter model ZBI with Channelyzer C-1000 attachment (Coulter Electronics, Hialeah, FL).* Previous studies with the Coulter ZBI have shown that the CV of red cell volume distribution is increased in association with deficiency of iron, folate, or vitamin B| 2 and in patients with hemoglobin SS, SC, or S/3-thalassemias. Erythrocyte volume distribution is normal in the anemia of chronic disease, heterozygous a-or 0-thalassemia, or untransfused aplastic anemia.
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Materials and Methods

Results
The major groups of subjects' diagnosis, hemoglobin values, mean cell volume, and RDW are listed in Table  1 . Patients with chronic disease, aplastic anemia with no transfusion in the previous four months, or heterozygous a-or /3-thalassemia had a normal RDW.
Among patients with acute leukemia, solid tumors, multiple myeloma, and lymphoma, RDW was normal before chemotherapy and normal during chemotherapy if unaccompanied by macrocytosis. Those patients with macrocytosis had an increased RDW. All patients with iron, folate, or vitamin B )2 deficiency had high RDW, Smaller groups are omitted; these data will be furnished on request.
• Mean ± 2 SD. as did those deficient in both iron and folate or vitamin B 12 , even if both MCV and hemoglobin were in the normal range. Likewise, all patients with hemoglobin SS, SC, and S-B thalassemia had increased RDW. Patients with acute hemorrhage had normal RDW if there was not concomitant iron deficiency. RDW remained normal even during subsequent reticulocytosis, if transfusions were not given. From these data we have constructed a classification of anemia based on the two directly measured indices of red cell size: MCV and RDW. Patients with a given anemic disorder were assigned to the MCV category (high, normal, or low) given in a standard classification 18 and to the RDW category (normal or high) predicted by our earlier studies, 2,4 as shown in Table 2 . Classification by MCV alone was <90% sensitive in patients with chronic disease, chronic liver disease, sickle cell anemia, heterozygous thalassemia, and iron, folate, or mixed nutritional deficiency. RDW alone was <90% sensitive in chronic liver disease, chronic myelogenous leukemia and transfused subjects. Both MCV and RDW accurately predicted normal subjects.
Four types of artifactual patterns were seen in a total of 15 patients. Patients with chronic lymphocytic leukemia had normal RDW unless the lymphocyte count exceeded 150X10 9 /L. With higher lymphocyte counts (four patients), the peak of erythrocytes was joined by a second peak of the lymphocytes, which have a higher mean volume (Fig. \A) . Integration under the two peaks showed these cells were the same in number as the lymphocyte count, and a histogram of the buffy coat showed only the peak of cells with a mean of 210 fL. Counted as red cells, lymphocytes caused artifactually high RDW far out of proportion to their effect on the red cell count or indices (Fig. \A) . These patients all had hemoglobin >12g/dL and normal MCV if measured by the red cell peak alone. In contrast, RDW was increased slightly and MCV normal in patients with chronic myelogenous leukemia, independent of white cell count. After red cell transfusion, RDW reflected the difference between the MCV of recipient versus donor cells: four patients with iron deficiency and five with aplastic anemia had, after transfusion, striking bimodal histograms that resulted in a high RDW (Figs. IB, C) . Patients with valvular prostheses had normal RDW in nine of ten cases; the tenth, with markedly increased RDW, had red cell fragmentation detectable on careful examination of the smear and a prominent subpopulation of red cell fragments on histogram (Fig. \D) . A patient with cold agglutinin disease had a bimodal red cell distribution similar to cases previously reported 3 and high RDW.
Discussion
The initial classification of anemia can be improved substantially by including RDW and histograms of red cell volume as these variables become part of the routine blood count. Because the MCHC varies little except in severe iron deficiency, the terms "hypochromic" and "normochromic" parallel low or normal MCV and therefore are redundant. 1 Use of MCV and RDW suggests the new terms of homogeneous microcytic (normal RDW, low MCV), heterogeneous microcytic (high RDW, low MCV), and so forth ( Table 2) .
Nutritional deficiency, whether of iron, folate, or vitamin B| 2 , always causes an increased red cell volume heterogeneity. While these patients are anemic on the average, even those who are not anemic have high RDW. As the nutritional deficiency progresses, successively more abnormal cells are produced and admixed in the peripheral blood. 2 In early or mixed nutritional deficiency, RDW is high, while MCV remains within the normal range; heterogeneous normocytic indices thus are the first clue.
In contrast, normal RDW accompanies pure hypoproliferative anemia resulting from chronic disease, marrow toxicity, or aplasia, independent of the MCV: homogeneous micro-, normo-, macrocytic anemia. Thus, early iron deficiency is heterogeneous normocytic in contrast to chronic disease, which is homogeneous normocytic; more advanced iron deficiency is heterogenous microcytic, in contrast to thalassemia minor, which is homogeneous microcytic. In this study, a-thalassemia is inferred rather than proved, but red cell volume heterogeneity has been shown normal in proved a, and a 2 -thalassemia. 4 The distinction by red cell volume distribution between iron deficiency and heterozygous thalassemia 4 or chronic disease 2 recently has been confirmed for patients with low MCV. 15 Similar to Lewis' experience, 16 our patients with long-standing aplastic anemia had high MCV unless they had been transfused. Since the RDW is normal, such aplastic states are associated with a homogeneous macrocytic anemia in contrast to patients with folate or vitamin B 12 deficiency (heterogeneous macrocytic).
Among the hereditary hemoglobinopathies there is a direct relation between anemia and heterogeneity.
2 Hemoglobin S or C trait is associated with a normal RDW unless there is concomitant iron or folate deficiency.
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While heterozygous thalassemia generally is associated with normal hemoglobin and RDW, when there is slight anemia associated with the thalassemia, RDW will be increased slightly. Likewise, in hemolytic disorders, "shift" reticulocytosis and therefore an increased MCV is proportional to the duration and degree of anemia. 17 When reticulocytosis is due to transient blood loss or hemolysis or to compensated hemolytic anemia, 2 reticulocytes are only 5-8% larger than and nearly as heterogeneous as the cells into which they mature, 710 and the MCV and RDW are normal. Therefore, in increased red cell destruction from any cause and with any MCV, nonanemic compensated disorders are homogeneous; anemic disorders are heterogeneous.
Chronic lymphocytic leukemia, cold agglutinin disease, and erythrocyte fragmentation all have artifactually abnormal MCV and RDW because flow technology defines red cells by volume thresholds instead of hemoglobin pigmentation. ,Any cell 36-360 fL will be counted as a red cell; any spurious cell that is >1% as numerous as the red cells will influence the reported values. The variable most easily affected is RDW, as shown in Figure 1 . The characteristic volume distribution histograms may be the initial suggestion of red cell fragmentation or cold agglutinin. While high-count chronic lymphocytic leukemia is diagnosed easily, recognition of the artifact prevents misinterpretation of increased MCV or RDW.
Both MCV and RDW have a small duplicate error, making interpretation of "abnormality" less than that error difficult. Thus, for RDW, the upper limit of normal, 14.6%, ± the duplicate error, 0.5%-14.1-15.1%-should be considered an indeterminate zone, as should MCV of 79-81 and 99-101 fL. Nonetheless, only the anemia of chronic liver disease (a varying mixture of decreased production, membrane changes, hemolytic anemia, and nutritional deficiency), is not well classified by either RDW nor MCV. Otherwise, the six initial categories as described above yield a short and accurate differential diagnosis from the initial blood count and suggest the physiologic basis for the anemia.
Addendum. In the July 1983 issue ofthe American Journal ofClinical Pathology (80:31-36), Johnson, Tegos, and Beutler confirm our finding that distribution of red cell volume is more homogeneous in heterozygous thalassemia or chronic disease than in iron deficiency. Their data confirm that in the first two disorders the ratio of width to mean volume, the equivalent of CV, is the same as in normals, but is increased in iron deficiency. For a consultant CV, width of the histogram will vary directly with MCV: thus, EVR in iron deficiency with low MCV often is no greater than "normal" EVR, yet the CV is increased. The physician with histograms but no RDW can calculate a rough CV, which allows the use of the classification we have presented.
